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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the semiconductor device characterized by being what controls amorphous-ization 
by nitriding of said silicon substrate in the case of said epitaxial growth while it is the 
semiconductor device which has the silicon substrate which consists of single crystal silicon, the 
interlayer formed on said silicon substrate, and the nitride semi-conductor layer by which 
epitaxial growth was carried out on said interlayer and said interlayer eases the lattice constant 
difference of said silicon substrate and a nitride semi-conductor layer. 

[Claim 2] It is the semiconductor device which is a semiconductor device according to claim 1, 
and is characterized by said interlayer being the carbonization silicone film or silicon germanium 
film which has the crystal structure. 

[Claim 3] It is the semiconductor device which is a semiconductor device according to claim 1 or 
2, and is characterized by said interlayer s thickness being 10nm or less. 

[Claim 4] The semiconductor device characterized by having which structure of 2nd structure ** 
whose crystal structure of said interlayer and a nitride semi-conductor layer it is a 
semiconductor device according to claim 1, 2, or 3, the front face of said silicon substrate is an 
equivalent front face as physically as a field (100), the 1st structure where the crystal structure 
of said interlayer and a nitride semi-conductor layer is cubic system, or the front face of said 
silicon substrate is an equivalent front face as physically as a field (111), and is hexagonal 
system. 

[Claim 5] It is the semiconductor device which is a semiconductor device given in any 1 term of 
claims 1-4, and is characterized by the lattice constant difference of said interlayer and a nitride 
semi-conductor layer being 5% or less. 

[Claim 6] The manufacture approach of the semiconductor device characterized by forming the 
single crystal thin film which eases the lattice constant difference of said substrate and said 
nitride semi-conductor layer on the principal plane of said substrate as pretreatment of the 
process which carries out epitaxial growth of the nitride semi-conductor layer on the substrate 
which consists of single crystal silicon. 

[Claim 7] It is the manufacture approach of the semiconductor device characterized by being the 
manufacture approach of a semiconductor device according to claim 6, and forming said single 
crystal thin film by heat-treating said substrate in the ambient atmosphere of the gas which 
consists of a molecule containing a carbon atom or a germanium atom, and a hydrogen atom. 
[Claim 8] The manufacture approach of the range whose temperature of said substrate it is the 
manufacture approach of a semiconductor device according to claim 7, and is 700 degrees C - 
1300 degrees C about the conditions of said heat treatment, and the semiconductor device 
characterized by making the processing time into the range of 1 second - 1 hour. 
[Claim 9] The manufacture approach of the semiconductor device which is the manufacture 
approach of a semiconductor device given in any 1 term of cliaims 6-8, and is characterized by 
processing said substrate with the acidic solution containing hydrogen before formation of said 
single crystal thin film. 

[Claim 10] It is the manufacture approach of the semiconductor device characterized by being 
the manufacture approach of a semiconductor device given in any 1 term of claims 6-9, and 
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forming said nitride semi-conductor layer using the molecular-beam-epitaxy method which used 
the halide gaseous-phase epitaxy method, the organic metal chemical reaction grown method, 
the organic metal molecular-beam grown method, or the source of a nitrogen radical. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is applied to the technique to which heteroepitaxial growth 
of the large nitride compound semiconductor layer of a lattice constant difference with a 
substrate is carried out especially about a semiconductor device and its manufacturing 
technology, and is effective. 
[0002] 

[Description of the Prior Art] For example, the nitride semi-conductor attracts attention as an 
ingredient applicable to light emitting diode (LED:Light Emitting Diode), semiconductor laser 
(LD:Laser Diode), etc. as indicated by July 10, 1996, the Japan Society of Applied Physics issue, 
"volume [ of application physics / 65th ] No. 7", and p676-p686. 

[0003] As a nitride semi-conductor, gallium nitride (GaN), alumimium nitride (AIN), nitriding in 
JUUMU (InN), etc. have an III— V group nitride system compound semiconductor as indicated by 
this reference. Since it is possible to make it change in the range whose band gap is 1 .95-6.0eV 
as for these nitrides semi-conductor, it can expect application to the light emitting device which 
covers the wavelength field from red to ultraviolet. Moreover, since it has the band structure of 
a direct transition mold in addition to the property that these nitrides semi-conductors are a 
high degree of hardness, high-melting, and high temperature conductivity, implementation of high 
brightness and an efficient light emitting device is expected. 

[0004] A nitride semi-conductor, for example, GaN, has the melting point as high as 1 700 
degrees C, and since the equilibrium vapor pressure of nitrogen is. moreover high, melt growth 
(bulk crystal growth) is difficult for it. For this reason, like a publication in said reference, 
sapphire (aluminum 203) etc. is used as a growth substrate, and on it, epitaxial growth of the 
GaN which is a crystal thin film is carried out, and it is formed, as an epitaxial grown method — 
halide gaseous-phase epitaxy (HVPE) — law and organic metal chemical reaction growth 
(MOCVD) — law and organic metal molecular-beam growth (MOMBE) — law and RF induction 
molecular-beam growth (RF-MBE) — law etc. is known. Moreover, if it considers as the growth 
substrate of a nitride semi-conductor, gallium arsenide (GaAs), carbonization silicon (SiC), silicon 
(Si), etc. can think. 

[0005] It is common knowledge that originate in a substrate and a growth phase (misfit: f), for 
example, a lattice constant difference with GaN, the crystallinity of a growth phase gets worse in 
the case of this epitaxial growth, and conductivity control of p mold by installation of an impurity 
or n mold becomes difficult. For example, if GaN is taken for an example, the misfit f, such as 
GaN, aluminum 203, GaAs, and Si, will exceed 15% very greatly. On the other hand, in SiC, the 
misfit f with a nitride semi-conductor is about 2% small as given also in said reference. For this 
reason, it is possible to grow up the crystal thin film of a direct nitride semi-conductor on a SiC 
substrate. 

[0006] In the combination of a substrate (for example, aluminum 203, GaAs, Si) and a nitride 
semi-conductor with which Misfit f exceeds 10%, a thin film suitable between a substrate and a 
growth phase is inserted in said reference as a publication, and a means to aim at relaxation of 
Misfit f is taken. It enables this to obtain a good epitaxial growth phase. 
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[0007] It is known that the above mentioned misfit f of aluminum 203 and GaAs etc. is 
comparatively easy surface treatment in a large substrate, a buffer layer is formed in the surface 
layer, and the crystal thin film of a good nitride semi-conductor can be grown up on the buffer 
layer. For example, aluminum 203 In formation of the nitride semi-conductor thin film to a 
substrate top, it also sets to which grown method of the HVPE, MOCVD, MOMBE, or RF-MBE 
method, and is aluminum 203 about a nitrogen raw material. By irradiating a substrate front face, 
it is aluminum 203. The **** alumimium nitride (AIN) film can be extremely formed on the front 
face of a substrate. This AIN film is minded and the crystal thin film of nitride semi-conductors, 
such as GaN, AIN, and InN, is aluminum 203. It is formed on a substrate. 
[0008] 

[Problem(s) to be Solved by the Invention] As mentioned above, on a SiC substrate, they are 
direct and aluminum 203. On a substrate or a GaAs substrate, the crystal thin film of a nitride 
semi-conductor is formed through the AIN film. However, if a cheap substrate can be used like 
Si substrate, convenience on cost competitiveness is good. 

[0009] However, if it is going to use Si as a substrate, the front face of Si substrate makes it 
amorphous by the exposure to Si substrate of the department of nitrogen Hara, and growth of 
the nitride semi-conductor thin film of a good single crystal is very difficult. Therefore, in order 
to grow up the crystal thin film of a nitride semi-conductor on Si substrate, it is necessary to 
deposit the crystal thin film of a nitride semi-conductor using the substrate which deposited 
beforehand the SiC film and the GaAs film with a thickness of several microns on Si substrate, 
and deposited this SiC film and GaAs film with the above mentioned epitaxial grown method. 
[0010] However, by the approach using the substrate to which epitaxial growth of such SiC film 
or the GaAs film was carried out, in order that an epitaxial growth process may cover multiple 
times, a production process becomes complicated. 

[001 1] Moreover, the crystal thin film of the nitride semi-conductor which grew on it thickly 
[ the thickness of the SiC film on Si substrate or the GaAs film ] since the quality was not 
necessarily enough also has the fault that it is the imperfect film. 

[0012] Furthermore, conventional aluminum 203 If the crystal structure serves as hexagonal 
system and, as for nitride semi-conductors, such as GaN by which epitaxial growth was carried 
out on the field (0001) of a substrate, takes into consideration the workability of a thin film, and 
the ease of a production process, as for the crystal structure of a nitride semi-conductor, it is 
desirable that it is cubic system. 

[0013] The purpose of this invention is faced carrying out epitaxial growth of the crystal thin film 
of a nitride semi-conductor on Si substrate, and is to prevent amorphous-ization of Si substrate 
front face. 

[0014] Other purposes of this invention are to offer the technique of the good middle class 
(buffer layer) who can do epitaxial growth of the crystal thin film of a good nitride semi- 
conductor on Si substrate. 

[0015] The purpose of further others of this invention is to simplify said interlayer's formation 
process. 

[0016] The purpose of further others of this invention is to offer the technique which can form 
the crystal thin film of a good nitride semi-conductor on Si substrate. 

[0017] The purpose of further others of this invention is to offer the technique which chooses 
which the crystal structure of cubic system or hexagonal system as arbitration, and can form the 
crystal thin film of a nitride semi-conductor on Si substrate. 

[0018] The other purposes and the new description will become clear from description and the 

accompanying drawing of this specification along [ said ] this invention. 

[0019] 

[Means for Solving the Problem] It will be as follows if the outline of a typical thing is briefly 
explained among invention indicated in this application. 

[0020] (1) It is characterized by for the semiconductor device of this invention being a 
semiconductor device which has a single crystal silicon substrate, an interlayer on a silicon 
substrate, and the nitride semi-conductor layer by which epitaxial growth was carried out on the 
interlayer, and being what controls amorphous-ization by nitriding of the silicon substrate in the 
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case of epitaxial growth, while this interlayer eases the lattice constant difference of a silicon 
substrate and a nitride semi-conductor layer. 

[0021] According to such a semiconductor device, existence of an interlayer enables it to form a 
good nitride semi-conductor layer on a cheap silicon substrate. That is, since an interlayer is 
what controls amorphous-ization of the silicon substrate surface in the case of epitaxial growth 
while easing the lattice constant difference of a silicon substrate and a nitride semi-conductor 
layer, he makes possible epitaxial growth of a nitride semi-conductor layer, and prevents 
crystalline aggravation of the nitride semi-conductor layer by the mismatching of a lattice 
constant. 

[0022] Moreover, an interlayer can be taken as the carbonization silicone film or silicon 
germanium film which has the crystal structure. Thus, by using an interlayer as the crystal thin 
film of a carbonization silicone film or the silicon germanium film, the mismatching of a lattice 
constant is eased and an interlayer's amorphous-ization can be prevented. 
[0023] Moreover, an interlayer's thickness can be set to 10nm or less. Thereby, an interlayer's 
surface surface smoothness is improved and the crystallinity of a nitride semi-conductor layer 
can be made good. That is, although it will originate in aggravation of the shape of an interlayer's 
surface type and the crystallinity of a nitride semi-conductor layer will fall if an interlayer's 
thickness becomes thick, the above faults can be controlled by setting an interlayer's thickness 
to 10nm or less. 

[0024] Moreover, when the crystal structure of an interlayer and a nitride semi-conductor layer 
can be made into cubic system when the front face of a silicon substrate is physically used as 
an equivalent front face with a field (100), and the front face of a silicon substrate is physically 
used as an equivalent front face with a field (111), the crystal structure of an interlayer and a 
nitride semi-conductor layer can be made into hexagonal system. Thus, in the semiconductor 
device of this invention, it can have the crystal structure of a nitride semi-conductor layer for 
any of cubic system or hexagonal system being by choosing field bearing of the front face of a 
silicon substrate. When the crystal structure of a nitride semi-conductor layer is made into cubic 
system, the workability improves and it becomes possible to simplify a production process. 
[0025] Moreover, the lattice constant difference of an interlayer and a nitride semi-conductor 
layer can be made into 5% or less. If a lattice constant difference is 5% or less, it will become 
possible to form the crystal thin film of the nitride semi-conductor which has good crystallinity 
with epitaxial growth. 

[0026] (2) The manufacture approach of the semiconductor device of this invention forms the 
single crystal thin film which eases the lattice constant difference of a substrate and a nitride 
semi-conductor layer on the principal plane of a substrate as pretreatment of the process which 
carries out epitaxial growth of the nitride semi-conductor layer on the substrate of single crystal 
silicon. 

[0027] Since the single crystal thin film which eases the lattice constant difference of a 
substrate and a nitride semi-conductor layer is formed according to the manufacture approach 
of such a semiconductor device, a good nitride semi-conductor layer can be grown epitaxially on 
the substrate of single crystal silicon. Moreover, since the thin film of a single crystal is formed, 
amorphous-ization of a silicon substrate surface can be prevented and epitaxial growth of a 
nitride semi-conductor layer can be made possible. 

[0028] This single crystal thin film can be formed by heat-treating a substrate in the ambient 
atmosphere of the gas which consists of a molecule containing a carbon atom or a germanium 
atom, and a hydrogen atom. Thus, by heat-treating a substrate in the ambient atmosphere of the 
gas which consists of a molecule containing a carbon atom or a germanium atom, and a hydrogen 
atom, the thin film of SiC or SiGe is formed on a silicon substrate as a single crystal thin film, 
and the single crystal thin film of this SiC or SiGe is operated as the middle class in the case of 
the epitaxial growth of a nitride semi-conductor layer (buffer layer). Thereby, a good nitride 
semi-conductor layer can be grown epitaxially on a silicon substrate. Moreover, in this way, SiC 
on a silicon substrate or the single crystal thin film of SiGe can be formed only by easy heat 
treatment, and a complicated process like the conventional technique does not need to be used 
for it. Thereby, a process can be simplified. That is, a single crystal thin film can be formed, using 
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the reactor (reaction vessel) of the epitaxial growth of the nitride semi-conductor layer 
performed after formation of a single crystal thin film as it is (pretreatment). 
[0029] Moreover, the conditions of heat treatment can make the range whose temperature of a 
substrate is 700 degrees C - 1300 degrees C, and the processing time the range of 1 second - 1 
hour. According to this condition, thickness of SiC on a silicon substrate or the single crystal 
thin film of SiGe can be set to 10nm or less, and the crystallinity of a nitride semi-conductor 
layer can be made good. 

[0030] Moreover, a substrate can be processed with the acidic solution containing hydrogen 
before formation of a single crystal thin film. Thereby, termination of the front face of the silicon 
substrate before formation of a single crystal thin film can be carried out by the hydrbgen atom, 
and the cleanliness can be held. 

[0031] Moreover, a nitride semi-conductor layer can be formed using the halide gaseous-phase 
epitaxy method, an organic metal chemical reaction grown method, an organic metal molecular- 
beam grown method, or the molecular-beam-epitaxy method that used the source of a nitrogen 
radical. That is, if the single crystal thin film (interlayer) of this invention is used, it is possible for 
it not to be necessary to limit the formation approach of a nitride semi-conductor layer, and to 
adopt all epitaxial grown methods especially. 
[0032] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to 
a detail based on a drawing. 

[0033] (Gestalt 1 of operation) Drawing 1 is the sectional view having shown the process until it 
deposits the gallium nitride film on the silicon substrate of the semiconductor device of the 
gestalt of this operation. 

[0034] The gestalt of this operation explains the process which passes through and carries out 
terrorism epitaxial growth of the gallium nitride film on Si substrate as an example of a typical 
nitride semi-conductor layer. 

[0035] First, the Si substrate 4 with field bearing of (001) is prepared, and a suitable approach 
cleans a front face chemically ( drawing 1 (a)). The natural oxidation film 5 is formed in the front 
face of the Si substrate 4 in this condition. 

[0036] Next, the Si substrate 4 is dipped into 1% of HF water solution, and chemical cleaning is 
performed ( drawing 1 (b)). By this, while removing the natural oxidation film 5 of the front face 
of the Si substrate 4, the joint hand of a surface silicon atom forms the hydrogen termination 
side 6 by which termination was carried out from hydrogen. This hydrogen termination side 6 
holds the cleanliness of the front face of the Si substrate 4, and functions as a kind of 
protective coat. 

[0037] Next, the Si substrate 4 is introduced in molecular-beam crystal growth (MBE) 
equipment, and the single crystal SiC thin film 7 of about 2nm thickness is formed in the front 
face of the Si substrate 4 ( dra win g 1 (c)). In the ambient atmosphere of the ethanol (C2 H5 OH) 
of about ten to 6 Torr, the Si substrate 4 is heat-treated the condition for the temperature of 
about 900 degrees C, and 15 minutes, and formation of the single crystal SiC thin film 7 forms it. 

[0038] Such a single crystal SiC thin film 7 eases the difference (misfit f) of the lattice constant 
of the GaN film 8 and the lattice constant of the Si substrate 4 which are formed at degree 
process. That is, although Misfit f becomes 15% or more and the epitaxial growth of the good 
GaN film cannot be expected when it is going to deposit the direct GaN film 8 on the Si 
substrate 4, the misfit f of the single crystal SiC thin film 7 and the GaN film 8 becomes about 
2%, and it becomes possible to form the crystalline good GaN film 8 on the Si substrate 4. 
[0039] Moreover, the single crystal SiC thin film 7 has the function to prevent amorphous-ization 
of Si substrate 4 front face by deposition of the GaN film 8 of degree process. Thereby, the 
difficulty of the epitaxial growth of the GaN film 8 resulting from amorphous-ization of Si 
substrate 4 front face is avoidable. That is, inhibition of amorphous-izing and the effectiveness 
of relaxation of Misfit f become possible [ forming the good GaN film 8 on the cheap Si substrate 
4 conjointly ]. 

[0040] Thus, according to examination of this invention person, it is considered that the single 
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crystal SiC thin film 7 is formed of a mechanism [ like ] below that the good GaN film 8 can be 
formed on the Si substrate 4 although based on it being a single crystal thin film with the good 
single crystal SiC thin film 7. namely, the reaction by which the clean surface is held since the 
front face of the Si substrate 4 is covered with the hydrogen termination side 6, and the carbon 
in ethanol and the hydrogen of the hydrogen termination side 6 are permuted by said heat 
treatment — being generated — the front face of the Si substrate 4 — **** — a thin (about 
2nm) SiC thin film is formed, such **** — since it is what is not formed of deposition reactions, 
such as CVD, and is formed of adhesion in the front face of the Si substrate 4, and a 
substitution reaction, a thin SiC thin film is formed as a good single crystal thin film reflecting 
the crystallinity of the Si substrate 4. 

[0041] Moreover, the single crystal SiC thin film 7 is formed in the front face of the Si substrate 
4 of the easy above heat treatments, and heat treatment is performed within the molecular- 
beam crystal growth (MBE) equipment for forming the GaN film 8. Thereby, the single crystal SiC 
thin film 7 can be formed simple not as the process in the independent thermal treatment 
equipment but as pretreatment of the molecular-beam crystal growth process of degree process. 
Consequently, the good GaN film 8 can be formed on the cheap Si substrate 4 according to a 
simple heat treatment process, without adopting a complicated process to which epitaxial growth 
of the thick SiC film or the GaAs film is carried out on the Si substrate 4. 
[0042] In addition, although the case of about 2nm was illustrated as thickness of the single 
crystal SiC thin film 7 f as long as the single crystal SiC thin film 7 is formed as uniform film on 
the Si substrate 4, even if still thinner, it does not care about (thickness of monoatomic layer 
extent). As long as the silicon wafer which can be marketed or manufactured actually is used 
according to experiment examination of this invention person, about 2nm thickness is required. 
Since one atomic layer of single crystal SiC thin films 7 is not necessarily formed at a time and 
they are formed in island shape, if this does not become about 2nm thickness, it is because it 
does not become the wrap film about all the front faces of the Si substrate 4. However, as long 
as this invention is not necessarily limited to this thickness 2nm or more and the single crystal 
SiC thin film 7 is formed as film, it is as aforementioned that the thickness of monoatomic layer 
extent is sufficient. 

[0043] Moreover, as for the thickness of the single crystal SiC thin film 7, it is desirable that it is 
10nm or less. According to experiment examination of this invention person, formation of the 
single crystal SiC thin film 7 is formed when adhesion of a carbon atom and a substitution 
reaction with a hydrogen atom arise as aforementioned, but a silicon atom will be supplied from 
the Si substrate 4. From the Si substrate 4, is not necessarily supplied to homogeneity and 
supply of this silicon atom not necessarily tends to be alternatively supplied from a certain 
specific field (to ununiformity). For this reason, if a pit-like crevice is formed in this specific field 
and the thickness of the single crystal SiC thin film 7 becomes thick, this crevice will be 
expanded and the surface mol follow G of the single crystal SiC thin film 7 will deteriorate. This 
also means crystalline degradation of the single crystal SiC thin film 7. According to examination 
of this invention person, the level of the irregularity of the permissible single crystal SiC thin film 
7 is extent with which the thickness of the single crystal SiC thin film 7 is equivalent to 10nm. 
For this reason, it will be desirable that the thickness of the single crystal SiC thin film 7 is 10nm 
or less. 

[0044] Next, the GaN film 8 is deposited by the molecular-beam crystal growth method ( drawing 
1 (d)). Deposition of the GaN film 8 makes material gas for example, organic gallium gas and 
ammonia (NH3), is substrate temperature [ of 600 degrees C ], and reaction-time 1 hour, and 
carries out epitaxial growth to the thickness of 50nm. Growth rates are about 50 nm/h. Thus, 
the heteroepitaxial growth film of GaN which is illustrated is manufactured. 

[0045] At this process, since the single crystal SiC thin film 7 is formed of the above mentioned 
pretreatment, the front face of the Si substrate 4 is nitrided with the ammonia which is reactant 
gas of the GaN film 8, and it is not made amorphous. Moreover, the crystallinity can be made 
good even if it is the GaN film 8 formed on the Si substrate 4, since the single crystal SiC thin 
film 7 with which Misfit f is eased is formed. Therefore, conductivity control of p mold by the 
impurity installation to the nitride semi-conductor layer formed in the GaN film 8 or its upper 
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layer or n mold is possible, and it is possible to apply to an efficient and highly efficient 
component. 

[0046] In addition, although the example which forms the GaN film 8 by the molecular-beam 
^crystal growth method was shown, it can form here using other epitaxial grown methods, for 
example, the halide gaseous-phase epitaxy method, an organic metal chemical reaction grown 
method, or the molecular-beam-epitaxy method using the source of a nitrogen radical. 
[0047] Then, the compound semiconductor layer of the GaN system of arbitration is formed, and 
LED of double hetero structure, LED of single quantum well (SQW) structure, or LD of multiplex 
quantum well (MQW) structure can be formed. 

[0048] If the manufacture approach of the semiconductor device of the gestalt this operation is 
used, the GaN film 8 which has good crystallinity can be formed simple on the cheap Si 
substrate 4. 

[0049] Drawing 2 and drawing 3 show the crystal evaluation result of the GaN film formed of the 
gestalt of this operation, dra win g 2 is the pattern photograph which observed the reflective high 
energy electron beam diffraction (RHEED) graphic form, and drawing 3 is the cross-section 
photograph of an interface part observed with the transmission electron microscope. 
[0050] Observation of a reflective high energy electron beam diffraction (RHEED) graphic form 
performs ** in MBE equipment after growth of the GaN film 8. It turns out that the GaN film 8 by 
which heteroepitaxial growth was carried out is a single crystal object which has the crystal 
structure of a cubic (zinc-blend) mold so that clearly from the analysis of this result. 
[0051] Moreover, as it is the result of the cross-section photograph shown in drawing 3 taking 
out said Si substrate 4 from an MBE room, and observing the interface part of the GaN film 8 
with a cross-section transmission electron microscope and is shown in drawing, it turns out that 
SiC which has the thickness of about 2nm in the interface of the GaN film 8 and the Si substrate 
4 which are the heteroepitaxial growth film is formed, and that formation of an amorphous layer 
is not seen in the front face of the Si substrate 4. It turns out that it is prevented with the single 
crystal SiC thin film 7 with which the damage by the nitrogen raw material exposure at the time 
of growing epitaxially formed the GaN film 8 previously so that clearly from these observation 
results. In addition, as for the single crystal SiC thin film 7, it is checked by reflective high 
energy electron beam diffraction that it is a single crystal. 

[0052] (Gestalt 2 of operation) In the gestalt 1 of operation, although the example of formation of 
the single crystal SiC thin film 7 in an ethanol ambient atmosphere was explained, the SiC thin 
film of a single crystal is formed into hydrocarbon system gas ambient atmospheres, such as 
acetylene and ethylene, also except an ethanol ambient atmosphere. That is, an ambient 
atmosphere required for formation of the single crystal SiC thin film by heat treatment is 
realizable with the molecule ambient atmosphere which contains carbon and hydrogen at least. 
Here, it is checked by this invention person that effect does not arise especially in formation of 
a single crystal SiC thin film even if it is the molecule which contains oxygen like ethanol. 
Moreover, in hydrocarbon system gas, a carbonaceous joint format (that is, is it single 
association or is a double bond?) does not influence especially formation of a single crystal SiC 
thin film, either. 

[0053] Next, heat treatment temperature and the processing pressure force explain to the 
thickness of a single crystal SiC thin film using Table 1 how it influences in the case of formation 
of the single crystal SiC thin film in a hydrocarbon system gas ambient atmosphere. 
[0054] 
[Table 1] 

SI 



^^---^J££j [Torr] 

mm 


5X10" 5 


5 X 1 0~ 6 


5 X 1 0" 7 


8 5 0 


2 0 






9 0 0 


5 0 


2 0 




9 5 0 


10 0 


4 0 


2 0 
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[0055] Table 1 is a result table of an experiment having shown the difference of the temperature 
of heat treatment of the thickness of a single crystal SiC thin film [ / in reaction-time 10 
minutes ] and the pressure of a processing ambient atmosphere. In addition, the unit of thickness 
is angstrom. 

[0056] The thickness of a single crystal SiC thin film becomes thick, so that a pressure is high, 
and the thickness of a single crystal SiC thin film tends to become thick, so that the 
temperature of processing is high. Moreover, a pressure is low and the field (" — " shows among 
a table) in which a single crystal SiC thin film is not formed exists in the field where temperature 
is low. Thus, since it is dependent on a pressure and time amount, the formation rate of a single 
crystal SiC thin film can adjust reaction time, and can obtain predetermined thickness. However, 
thickness becomes large linearly to reaction time, when it is 20nm or less, but if set to 20nm or 
more, supply of the silicon from a substrate will not be carried out, but thickness will be 
saturated. In the case of 5x10~5Torr, in the case of 5x10-6Torr, the time amount with which 
thickness is saturated is about 60 minutes for about 20 minutes for about 10 minutes in the case 
of 5x10-7Torr. 

[0057] In addition, although the case where temperature is 850 degrees C - 950 degrees C is 
illustrated, it is checking that a single crystal SiC thin film can be formed by selection of reaction 
pressure in a 700-1 300-degree C temperature requirement here. Moreover, although it is as 
aforementioned that the thickness of a single crystal SiC thin film can be formed to about 20nm, 
the range of the optimal thickness is 2nm - 10nm. Therefore, the optimal thickness can be 
chosen based on said experimental result, and reaction time can be made into the range of 1 
second - 1 hour. 

[0058] (Gestalt 3 of operation) Dra w ing 4 is the sectional view having shown an example of the 
light emitting diode which is the gestalt of other operations of this invention. The light emitting 
diode (LED) of the gestalt 3 of this operation It has single quantum well (SQW) structure. On the 
single crystal silicon substrate 11 It has the interlayer 12 who consists of a single crystal SiC 
thin film which was explained with the gestalten 1 and 2 of operation, the n mold GaN barrier 
layer 13, the undoping InGaN well layer 14, the p mold AIGaN barrier layer 15, and the p mold 
GaN contact layer 16. In contact with the n mold GaN barrier layer 13, the p electrode 18 is 
formed in contact with the n electrode 17 and the p mold GaN contact layer 16. 
[0059] In such LED, since the interlayer 12 who can constitute cheaply using the single crystal 
silicon substrate 11, and consists of a single crystal SiC thin film is formed in the interface of 
the single crystal silicon substrate 11 and the n mold GaN barrier layer 13, the crystallinity of the 
undoping InGaN well layer 14 formed in the n mold GaN barrier layer 13 and its upper layer, the p 
mold AIGaN barrier layer 15, and the p mold GaN contact layer 16 can be formed good. 
Consequently, the crystallinity of the undoping InGaN well layer 14 grade which is a barrier layer 
is made good, and efficient and quality LED can be constituted. 

[0060] In addition, the approach of forming the interlayer 12 who consists of a single crystal SiC 
thin film, and the n mold GaN barrier layer 13 on the single crystal silicon substrate 1 1 is the 
same as that of the case where the single crystal SiC thin film 7 and the GaN film 8 of gestalten 
1 or 2 of operation are formed, moreover, formation of the undoping InGaN well layer 14, the p 
mold AIGaN barrier layer 15, and the p mold GaN contact layer 16 — the n mold GaN barrier 
layer 13 — the same — MBE — it can carry out using law. 

[0061] (Gestalt 4 of operation) Drawing 5 is the sectional view having shown an example of the 
semiconductor laser of this invention which is the gestalt of other operations further. The 
semiconductor laser (LD) of the gestalt 4 of this operation has multiplex quantum well (MQW) 
structure. On the single crystal silicon substrate 1 1 The gestalt 1 of operation And the interlayer 
12 who consists of a single crystal SiC thin film which was explained by 2, the n mold GaN 
contact layer 19, the n mold InGaN crack prevention layer 20, the n mold AIGaN cladding layer 
21, the n mold GaN guide layer 22, the InGaN luminous layer 23, the interior cladding layer 24 of 
p mold AIGaN, It has the p mold GaN guide layer 25, the p mold AIGaN cladding layer 26, and the 
p mold GaN contact layer 27, and the p electrode 29 is formed in contact with the n electrode 
28 and the p mold GaN contact layer 27 in contact with the n mold GaN contact layer 19. 
[0062] It can constitute from such LD cheaply like the gestalt 3 of operation using the single 
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crystal silicon substrate 1 1. Moreover, since the interlayer 12 who consists of a single crystal 
SiC thin film is formed in the interface of the single crystal silicon substrate 1 1 and the n mold 
GaN contact layer 19, The n mold GaN contact layer 19 And the n mold InGaN crack prevention 
layer 20 formed in the upper layer, the n mold AIGaN cladding layer 21, the n mold GaN guide 
layer 22, the InGaN luminous layer 23, the interior cladding layer 24 of p mold AIGaN, the p mold 
GaN guide layer 25, the p mold AIGaN cladding layer 26 And the crystallinity of the p mold GaN 
contact layer 27 can be formed good. Consequently, the crystallinity of the InGaN luminous layer 
23 grade which is a MQW layer is made good, and efficient and quality LD can be constituted. 
[0063] In addition, the approach of forming the interlayer 12 who consists of a single crystal SiC 
thin film, and n mold GaN contact layer 19 grade on the single crystal silicon substrate 11 is the 
same as that of the gestalt 3 of operation, moreover, formation of n mold GaN contact layer 19 
grade — the gestalt 3 of operation — the same — MBE — it can carry out using law. 
[0064] As mentioned above, although invention made by this invention person was concretely 
explained based on the gestalt of implementation of invention, it cannot be overemphasized that 
it can change variously in the range which this invention is not limited to the gestalt of said 
operation, and does not deviate from the summary. 

[0065] For example, with the gestalt of said operation, although the SiC film was formed by heat 
treatment, you may form by the spatter using a SiC raw material etc. 

[0066] Moreover, although the gestalt of said operation explained the case where field bearing of 
Si substrate was a field (001), which field bearings other than a field (001) may be used. It has 
become clear by experiment of this invention person that bearing of SiC also changes according 
to field bearing of Si substrate, and the crystal structure of the GaN film 8 also changes from a 
cubic to hexagonal (hexagonal) further again. 

[0067] Furthermore, with the gestalt of said operation, although the heteroepitaxial growth of the 
GaN film was mainly explained, a compound not only with this but the AIN film, the InN film and 
these and an III group element, or IV group element etc. is widely applicable also to the 
heteroepitaxial growth of other nitride semi-conductor film. 

[0068] Moreover, although the case of the SiC film was illustrated as an interlayer, it may 
replace with this and the SiGe thin film of a single crystal may be applied. The same 
effectiveness as the above is acquired also in this case. 

[0069] Moreover, in the gestalten 3 and 4 of operation, although the case where it applied to a 
light emitting device was explained, it is not restricted to this but you may apply to 
semiconductor devices, such as IC. 
[0070] 

[Effect of the Invention] It will be as follows if the effectiveness acquired by the typical thing 
among invention indicated in this application is explained briefly. 

[0071] (1) It faces carrying out epitaxial growth of the crystal thin film of a nitride semi- 
conductor on Si substrate, and while easing the mismatching of a lattice constant difference, 
amorphous-ization of Si substrate front face can be prevented. 

[0072] (2) The good middle class (buffer layer) who can do epitaxial growth of the crystal thin 
film of a good nitride semi-conductor on cheap Si substrate can be offered. 
[0073] (3) An interlayer can be formed simple. 

[0074] (4) The crystal thin film of a good nitride semi-conductor can be formed on Si substrate. 
[0075] (5) Which the crystal structure of cubic system or hexagonal system is chosen as 
arbitration, and the crystal thin film of a nitride semi-conductor can be formed on Si substrate. 
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* NOTICES * 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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jo isx^^n^ieisf (r h e e d) mmomm&fr^ 



-5- 



(6) 



WMW- 1 1 -2 7 4 0 7 9 



P 

[0 0 5 0] K#»x*;l/^— *^«IIffif (R H E E 

d) m&ommz, GaNis^m mbems 

Sfc&S (zinc-blend) SO»S«Ja*W-r**<Sffi*^ 

[0051] H3K^-r»fffi^*tt. tufas n 

0 G a Nffi 8 ©SffiS»^*ffilKLfeteS"e* D , BfcliS 
8 t S i SS4 £OI?®^2 nmCDiP^^^S i C 

fcflMSfiS i CWM7»Ccfet?T[Hih*nr^5Ci:tft> 
*>>£o «BftS i C»«7fct. EWUfx*;!/^- 



* [0 0 5 2] KlOfl2) Hfifi<DJgJjS 1 £*5^T 

x^y— ;l/OJ: , 5^g|**'S-ty» : ?7? 

[0 0 5 3] 3&fc. Kft7kSR?R*fX»H««f 

[0 0 5 4] 
[151] 



^■^^^ [Torr] 

®* rcj^-^ 


5 X 1 0~ s 


5X10" 6 


5X1 0~ 7 


8 5 0 


2 0 






9 0 0 


5 0 


2 0 




9 5 0 


10 0 


4 0 


2 0 



[0055] snt s/s^fh i o^tcifetts^as 

[0 0 5 6] ffi*^SV^5H#«SS i C5»K^JRi»« 
ffltflDMJPtt»<ftS«lSlK:*So Sfc. E&#ffi<. fi 

(Si* r — j r^-r) tf#ftt8o £<d£?k^ « 

#£ D ft/£U Mfftt. *n*^2 0nmJWF^***& 
ic&J^&fBfcttLTWfilt&lcjzZ < 2 0 n m 40 

fSSJT^o JRfftffBftrrSBSHfc*. 5 x l 0- 5 T o r r 
£>*&T**9 1 Oih 5 X 1 0" 6 T o r r <Dm&-&& 2 0 
3h 5 x 1 0" 7 T o r r <CH&&"C**J6 0#T?fe3 o 
[0 0 5 7] iaS^8 5 0°C— 9 5 0 

°c(om^m^i,r^^t>\ ssjE^smc^d 7 o 

0-1 3 0 0T:©iB^B?4Mft»S i CSI^MT 

-ftOfiSiKJStt 2 nm— 1 0 nm£>(EHT?& 50 



1 B#|«<o»BBfcT3C 



L/c^-^T, MIS; 
[0 0 5 8] (M1M<D&m 3 ) H 4 fcfc. *fgE^ffi<D* 

^mm<omm3(D^y6^^r— f (led) a. 

*-*^#F (SQW) «it*#U 

Si HfiEO}gffil43«ta : 2 7?SiWbfecfc5&# 

tt«S i CMK^6#S't»fiBJll 2. nlGaNgll 

1 3, 7>F-yi nGaNftpll 4. pSA 1 G a 
NttSJBl 5, plGaN3>^^Ml6*SU n 
SGaNggll 3^LTnlffil 7, piGaNn 
bMl 6 tC}gLT pli 1 8#7gj3c£*lT^5o 

[0 0 5 9] C<0«J:5ftLEDm U 3 >S 

Si lSffl^TSfflciatSilttfTf*, Sfc. 
as i Ci«fr5ft5*HIl 2*«BftS/Unv»tE 

1 1 i: nSG a N^M/t 1 3 tCD^mcj&f&LT^&rc 
46. nSGaNWSJil 3^3<fctf-€-0±Jitc:}g^n5 
7>h-7 s InGaN#pll4, pSA 1 GaNgf 
Ml 5. pSGaNny^^Mi 6^g B B B Kimc 
}g«-e#«o C JSHtM^SSZVK-^I nG 

aN^Fill 4*tDgfi1t*fi»lctT, ififiWoS 



;/ 

[0060] ftfc. u =3 ySM 1 1 ±^^s 

S i CWM^6aSft>M»l 2*J;tfnS!GaN|»BJl 
1 3«BjS*r«#ffitt* H*OJBIBl Sfctt2©*BS 
S i C*l7S«fctfG aNlSSMt^fcB*? 

£3o Sft. 7>F-:/I nGaN#Fll 4. p^A 
IGaNP$M/fl5. plGaNnV^^Ml 6^Jg 
' nlGaN BBM 1 3 £ m&K M B E ft^rfflV^T 

[0 0 6 1] B5B, *JS»Dff6fc: 

^-?fe3 0 *MM(D&m4<D¥mWls-*f (LD) 

(mqw) «ii**ru *»fls/un>s 

ISflS i CWKA^aSffmii I 2. nSGaNnv^ 
^M19, nSlnGaN*77^lti20^ nS 
AlGaN^77F!2K niGaN^Fl2 2, 
I nG aN3S3fcJi2 3. plA 1 G aNflfl5*77 Kl 
24. p!GaN^VFl2 5, pfAlGaN^77 
Kl2 6$5«fctfpSGaNn^^M2 7^U n 
SG a N3>^^ M i 9tcgbtntl2 8, pI^G 20 
aN3^^M2 7£SLTp«B2 9»ffi^nt 

[0 0 6 2] CO«fc5*LDm H86<9JBIB3 

fctflf*. Sfc. VISAS i CfW»^6ft**W«l 2 
^VJSSS/ynvaffil 1 tnlGaNn^^Ml 
9i:^ffi*CJBdcbTV^/£:«>. nSGaNn>^^h 
ill 9 43<fctf-¥-<0±«tc:jgja^nSnSl nGaN^7 
y^B6ihJi2 0. ngAlGaN^77Fl2K ni 
GaNtf^KI2 2, InGaNOT2 3, p^A 1 50 
GaNfl»*77Hi2 4, P lGaNi?VFl2 5s 
p^A 1 GaN^77 FJB 2 6*5<fctfp§!G aN3^ 

QW/f T&S I n G a N%7&t2 3 ^F<oeii1t*:fi#fc: 

[0 0 6 3] *Bft2/U3>ifil 1 ±lcm%£Mi 

SiCfIA^^WI112, nSGaN^V^^h 

iii 9«*}g«-rs75rffi^]Sft^m3fcra«T?*So 

Sfc. nSGaN3>WHl9fO««lfc 

[0 0 6 4] JfiLb, *mimt£&r>T*Ztirc3ffli&& 

[0 0 6 5] fc£x-l£* HufBUJBOflgjg-ett. S i CJK 

[0 0 6 6] Sfc, flWE*SK©»lS"Ptt, S i SiOffi 
Xffit (001) EOW^O^TKBBLfc**. (0 0 50 



ft P?D¥ 1 1 -2 7 4 0 7 9 

72 

i) mjL^<D^ftcomj3&%:m^T&&\,\ s iss 

G a NM8^JSSSifife3i5?Sft ,k 5/N^'a (hexagonal 
[0 0 6 7] tuEIISfiOJgfilt?t±, itCGaN 

*uci85?\ a i njk. i nim ^cfctfcn&i: i i 

[0 0 6 8] *MJ»i:LTS i C JKOifr&^flJiS 

[0 0 6 9] Sfc. ^ffiO»J®3i3<J;tf4£:|SV^T\ f§ 
[0 0 7 0] 

[0071] ( i ) a<b»¥SW*o3Bfl*ii^ s i s« 

±tcx^4->^/£g£^£tc|^U ft^SSRS©^ 
§-&£:3f SIT S £ £ fc £ S i S««ffi<D^S»t^K± 

[0 0 7 2] (2) 2ctt&S i IS^KiaJtftaftft* 

SSK&fH/i (;^y77i) ^ffi«^#^o 
[0 0 7 3] (3) *«»*1Bffi£Jgj«-C*So 
[0 0 7 4] (4) s i »BS±k:aK&»t»*SW*o 

[0075] (s) a:^ra5Sfcsv^f4A?5"S^©<Rrn^ 
ran (a) - (d) «\ saso?BJB-e* 

[H 2 ] *ffi<DJBfig l TBf&^nrc G a Nl©!BSfMfii 
i^Jfl^U SftHSx^^^m^jftlliSf (R H E E D) 

[0 3] *fig<DJgftg 1 TM^n/cG a NK4)*£llffMffi 

m 4 ] *^offi(o*s6©®j|-ess^^-r*"- k 

4 S iM 



-7- 



(8) 



1 1-274079 



13 

5 &mmtm 

6 7mm^m 

7 #tefiS i C«M 

8 GaNl 

1 1 *BbV>U3V«E 

1 2 i*i KB 

1 3 nlG aNPfMS 

1 4 7> ^ I n G a N#P® 

1 5 p^A 1 G a NP§g® 

1 6 pMG aN3>W h/f 

1 7.2 8 nil 



10 



14 

18.29 p«S 

1 9 n^G aN^VW hS 

2 0 nSl nGaN^77^ KjihB 
2 1 nUiA 1 GaN^77 FJf 

2 2 nSGaN^Fl 

2 3 I n G a N^S 

2 4 p^A 1 G a Nrtffi^y KM 

2 5 pSGaNAVFJi 

2 6 p^A 1 G aN^77 F/f 

27 p^GaNn>^^hil 

f ^xy^^yh 
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(9) 



IftfflW- 1 1 -2 7 4 0 7 9 



ctsma] fii i^2ai 5B 

[¥H«jE 1 ] 
[«IE*f«WB*3 TOS 

ig§e'>U3vs^a, ^(ommtt (loo) m^gffj 

am& 2 ] if^Ji i E«©*aM*»in?* ^ r , 
wsb+kwh:, softs' y ^ >i* 

b»*k 3 ] gft&g i * rat 2 mmv^mfc^WT'ie 



iufB^il©*ff^ t5KSfi©i&&#7 0 0"C~1 3 
0 0 °C<DIeH, SaSH^M* 1 #~ 1 WfMO«Sffl. ti-r* 

jt7??£T?;g>oTx 

So 
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